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Abstract 

Purpose: Activation of Toll like receptors (TLRs) signaling has been implicated in promoting malignant cell invasion and 
metastatic potential. Previously we demonstrated that increased TLR-9 expression predicted poor survival in oral cancer 
patients. The objective of this study is to further investigate the roles and potential molecular mechanisms of TLR-9 
signaling in human oral cancer cell invasion. 

Methods: Cell migration, invasion and protein expression were detected by wound healing assay, Transwell chambers 
model and western blot. The secretion and activity levels of metalloproteinases-2/9 were quantified by ELISA and Gelatin 
zymography. EMSA and ChIP assays were employed to detect the activity of AP-1 signal pathway. TLR-9 siRNA transfection 
was used to regulate the expression and activity of TLR-9 in oral cancer cell line HB cells. 

Result:lhe results of both wound healing assay and in vitro Transwell assay revealed that activation of TLR-9 induced dose- 
and time- dependent migration and invasion of HB cells. An increased expression, secretion and activity of MMP-2 were 
observed upon the treatment of CpG-ODN. The TLR-9 signaling-mediated MMP-2 expression appeared to be a consequence 
of AP-1 activation, because that their DNA binding activity was enhanced by CpG-ODN treatment. All these influences were 
efficiently repressed by the knockdown of TLR-9 through siRNA or pretreatment of an AP-1 inhibitor. 

Conclusion: Activation of TLR-9 signaling could promote human oral cancer HB cells invasion with the induction of MMP-2 
presentation by attenuating AP-1 binding activity, suggesting a novel anti-metastatic application for TLR-9 targeted therapy 
in oral cancer in the future. 
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Introduction 

Oral Squamous Cell Carcinoma (OSCC) is the most common 
malignancy in the head and neck region, presenting approximately 
389,000 new cases yearly [1,2]. Although treatment methods such 
as chemotherapy, radiotherapy, and surgical therapy have 
advanced in recent years, the 5-year survival rate of patients with 
OSCC has remained less than 60% [3]. Local invasion, 
widespread lymphatic, and distal metastases are the most prevalent 
causes of death in these patients [4] . This highlights the urgent 
need for a better understanding of the mechanisms of metastasis in 
oral squamous cell carcinoma. 



Toll-like receptors (TLRs) are members of the interleukin- 1 
receptor superfamily and play a crucial role in the activation of 
innate immunity and the subsequent inflammatory process [5,6]. 
However, increasing evidence indicates that TLRs signaling 
pathway was not only involved in human immune response but 
also play an important role in tumor cell initiation and migration 
[7,8]. For example, TLR-2 and TLR-9 signaling were found to 
promote tumor cell migration in breast cancer[9,10], TLR-4 and 
TLR-9 signaling were demonstrated to accelerate cell invasion in 
prostate cancer [1 1,12], and activation of TLR-2 and TLR-4 
signaling were also shown to stimulate tumor cell movement in 
colon cancer[13,14]. These findings suggest that investigation of 
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the relationship between TLRs signaling and tumor invasion may 
shed new light for effective prevention of cancer metastatic spread. 

To date, there are 12 members of the TLR family that have 
been identified in mammals. As the only TLR that located 
intracellularly, TLR-9 could recognize the special DNA sequence 
of a bacteria or virus via cell pinocytosis [15]. Our prior work 
found that TLR-9 protein was abnormally high expressed in oral 
cancer tissue and cell lines, and TLR-9 activation could stimulate 
tumor cell proliferation through increased Cyclin Dl expression 
[16,17]. However, litde is known about the effect of TLR-9 
signaling on oral cancer cell invasion as well as the possible 
underlying molecular mechanisms. 

The purpose of this study is to investigate the influence of TLR- 
9 signaling on in-vitro invasiveness of HB cells, a human oral 
cancer cell line; with special emphasis on synthesis and secretion of 
MMP-2 and MMP-9. Possible molecular mechanisms underlying 
TLR-9-mediated tumor cell invasion were also investigated, 
including two pathways related to inflammation: NF-kB and 
AP-1 pathway. 

Materials and Methods 

Ethics Statement 

This study was approved by the Ethics Committee of Shanghai 
Ninth People's Hospital, Shanghai Jiao Tong University School of 
Medicine and carried out according to the recommendations of 
the Declaration of Helsinki. No informed consent (written or 
verbal) was obtained for use of retrospective tissue samples from 
the patients within this study, some of whom were deceased, since 
the Ethics Committee, who waived the need for consent, did not 
deem this necessary. All samples were anonymous. 

Materials 

Unmethylated phosphorothioate modified, human specific 
CpG-ODN 2006 (5 ' -TCGTC GTTTTGTCGTTTTGTC GTT- 
3') and respective GpC-ODN negative controls were purchased 
from InVivoGen (San Diego, CA). They were dissolved into 
endotoxin-free sterile distilled deionized H z O according to the 
manufacturer's suggestion and used at the indicated concentra- 
tions. The anti-TLR-9 antibody was purchased from Imgenex 
(CA, USA). AP-1 specific inhibitor curcumin and selective MMP-2 
inhibitor ARP101 were obtained from Calbiochem (San Diego, 
CA, USA). 

Cell culture 

A human oral squamous cell carcinoma cell line, HB cell, as 
previous described was used [18]. Cells were cultured in the 
DMEM (Dulbecco's modified Eagle's medium, Gibco, USA) 
supplemented with 10% fetal bovine serum, 1% glutamine, and 
1% penicillin-streptomycin and cultured in a humidified atmo- 
sphere of 5% C0 2 at 37°C. 

Cell migration assay (Scratch wound healing assay) 

Cells were treated with CpG-ODN (0.8 uM) after creating a 
wound across the cell monolayer with a plastic tip. Cell migration 
into the wound surface was then measured after 24 h using 
ProgRes Capture Pro v2.8.0 software and reported as the width of 
the remaining relative to the initial wound area (in micrometers). 

Transwell invasion assays 

The invasion of tumor cells was assessed in Transwell chambers 
with a 6.5-mm-diameter polyvinyl/pyrrolidone-free polycarbon- 
ate filter of 8-u.m pore size. Each filter was coated with 100 uL of a 
1:20 diluted matrigel in cold DMEM to form a thin continuous 



film on the top of the filter. The number of cells was adjusted to 
5xl0 8 /L and a 100 uL aliquot containing 5xl0 4 cells was added 
to each of the triplicate wells in DMEM containing 10% FBS. 
After incubation for 24~48 h, cells were stained and counted as 
described above, and the number of cells invading the lower side 
of the filter was measured for invasive activity. 

Cytoselect Cell invasion assays 

To further investigate if CpG-ODN hold the character to 
promote HB cell invasion, the CytoSelect 96-well Cell Invasion 
Assay Kit, which provides a robust system for the quantitative 
determination of cell invasion, were used according to the 
manufacturer's recommendations (Cell Biolabs, San Diego, CA, 
USA). Briefly, HB cells were pretreated with CpG-ODN at 
different concentration for 24 h. Basement membranes of Boyden 
chambers were rehydrated with 300 ul serum-free RPMI, and 
2.5 x 10 s cells were then seeded into the upper area of the chamber 
in serum-free RPMI. Bottom wells were filled with RPMI 
supplemented with 10% FBS containing CpG-ODN or no 
CpG-ODN. After 48 h incubation (37°C, 5% C02), noninvasive 
cells were removed from the upper chamber and cell invasion was 
assessed by colorimetric analysis. For colorimetric quantification of 
invasion, inserts were then placed in extraction buffer (200 ul, 
10 min), and absorbance at 560 nm was determined after transfer 
to a 96-well plate (100 ul per well) using a VersaMax microtiter 
plate reader (Molecular Devices, Sunnyvale, CA, USA) 

Westernblot analysis 

The procedure was performed as previously used [19]. The 
following antibodies(Santa Cruz, USA) were used: anti-MMP-2 
antibody (dilution 1:150), anti-MMP-9 antibody (dilution 1:200), 
anti-p50 antibody (dilution 1:200), anti-p65 antibody (dilution 
1:200), anti-lKBa antibody(dilution 1:300), anti-phospho-lKBa 
antibody(dilution 1:200), anti-c-jun antibody (dilution 1:200)), 
anti-jun-B antibody (dilution 1:150), anti-jun-D antibody (dilution 
1:200), anti-c-Fos antibody (dilution 1:200), anti-Fos-B antibody 
(dilution 1:250). P-actin was used as internal control protein. 
Experiments were repeated at least three times. 

ELISA analysis 

MMP-2 and-9 secretions were measured using a fluorometric 
analysis kit according to the manufacturer's recommendations 
(Chemicon, Temecula, CA, USA). Briefly, the detached and 
attached cells were collected, washed with PBS, and lysed in 
200 uL of ice-cold cell lysis buffer provided by the manufacturers. 
The cell extracts were centrifuged, and supernatants were 
collected. Equal amounts of cell protein extracts (300 ug) were 
incubated in reaction buffer containing MMP-2 substrate or 
MMP-9 substrate at 37°C for 2 to 3 hrs. The samples were 
analyzed with a plate reader by the measurement of optical density 
(OD) at a wavelength of 405 nm. Each experiment was conducted 
three times. 

Gelatin zymography 

Protein concentrations in conditioned media were determined 
using the bicinchoninic acid method (BCA kit) (Pierce, IL, USA). 
Conditioned media was mixed with an equal volume of 4 x sample 
buffer (200 mil Tris-HCl, 8% SDS, 0.4% bromophenol blue, 
40% glycerol), and electrophoresed on 8% SDS polyacrylamide 
gels containing 2 mg/ml of gelatin (Sigma, St. Louis, MO, USA). 
Gels were then washed twice for 30 min in 2.5% Triton X-100 at 
room temperature, and incubated for 18 hours at 37°C in 
incubation buffer (50 mM Tris-HCl (pH 7.5), 5 mM CaCl 2 , and 
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Figure 1 . Analysis of migration and invasion of CpG-ODN treated HB cells. (A) Evaluation of cell migration by scratch wound healing assay: 
Cells were allowed to migrate with and without 0.8 \iM CpG-ODN. Cell migration into the wound surface was then monitored by microscopy after 
24 h of the CpG-ODN treatment and reported as the width of remaining wounded area relative to the initial wound area. (B)Evaluation of cell 
invasion by transwell assay. Representative photomicrographs of the membrane-associated cells (jacinth part) were assayed by Eosin staining ( x400). 
(C)Graphical representation of scratch wound assay. The average distance of cell invasion was significantly greater in the CpG-ODN treated sample. 
**P<0.01. (D)Semi-quantitative analysis of the stimulate-invasion effects of CpG-ODN on HB cells. "% of control" denotes the mean number of the 
cells expressed as a proportion of the control group and the average of three independent experiments ± S.D. **p<0.01, compared with the lane 2; 
*p<0.05, compared with the lane 3. (E)Colorimetric analysis of CpG-ODN modulation of HB cell invasiveness with different concentrations 
(0—0.8 uM) for 48 h by the CytoSelect cell invasion assay. *p<0.05; **p<0.01, compared with lane 1. 
doi:1 0.1 371 /journal.pone.0092748.g001 



200 mM NaCl). Gels were then stained for 1 hour with 0.25% (w/ 
v) Coomassie brilliant blue R-250 (Bio-Rad) and then destained in 
destaining buffer (10% acetic acid and 20% methanol). 

Nuclear extract and electrophoretic mobility shift assay 
(EMSA) 

HB Cells were treated with 0.8 uM CpG-ODN at indicated 
period time (0~24 h), and nuclear extracts were prepared as 
described previously [20]. Synthetic complementary oligonucleo- 
tides were 3'-biotinylated using the biotin 3 '-end DNA labeling kit 
(Pierce, Rockford, Illinois, USA), according to the manufacturer's 
instructions, and annealed for 2 h at room temperature. The 
sequences of the oligonucleotides used are 5'-CGCTTGAT- 
GAGTCAGCCGGAA-3' for AP-1. Binding reactions were 



carried out for 20 min at room temperature in the presence of 
50 ng/uL poly(dl-dC), 0.05% Nonidet P-40, 5 mM MgCl 2 , 
10 mM EDTA and 2.5% glycerol in 1 x binding buffer (Light- 
ShiftTM chemiluminescent EMSA kit, Pierce) using 20 umol of 
biotin-end-labeled target DNA and 5 u,g of nuclear extract. 
Unlabeled target DNA (4 pmol) or 2 uL of anti-CREB or anti- 
ATF-1 antibody (TransCRUZ, Santa Cruz Biotechnology, Inc.) 
was added per 20 U.L of binding reaction where indicated. Assays 
were loaded onto native 4% polyacrylamide gels pre-electropho- 
resed for 60 min in O.SxTris borate/EDTA and electrophoresed 
at 1 00 V before being transferred onto a positively charged nylon 
membrane (HybondTM-N+) in O.SxTris borate/EDTA at 100 V 
for 30 min. Transferred DNAs were cross-linked to the membrane 
at 120 mj/cm and detected using horseradish peroxidase- 
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Figure 2. Effects of CpG-ODN on MMP-2 and MMP-9 expressions. (A) Analysis of MMP-2 and -9 protein expression in cells treated with 
indicated doses of CpG-ODN and harvested at 24 h. p-actin served as an internal control. (B) Determined secretion of MMP-2 and -9 was 
subsequently quantified by ELISA analysis, and presented as means ± S.D. of three repeats from one independent study. (C) HB cells in serum-free 
medium were treated with various concentrations (0—0.8 uM) of CpG-ODN for 24 h. The culture medium of cells after treatment was subjected to 
gelatin zymography to analyze the activity of MMP-2 and -9; *p<0.05; **p<0.01, compared with the control. 
doi:1 0.1 371 /journal.pone.0092748.g002 



conjugated streptavidin (LightShiftTM chemiluminescent EMSA 
kit) according to the manufacturer's instructions. Specific binding 
was controlled by competition with a 100-fold excess of non- 
labeled AP-1 oligonucleotide probes. 

Chromatin immunoprecipitation (ChIP) assays 

Chromatin immunoprecipitation (ChIP) assays and subsequent 
real-time PCR analysis was performed as described [21]. Briefly, 
cells were washed twice with PBS and cross-linked with 1% 
formaldehyde at room temperature for 10 minutes. Cells were 
rinsed with ice-cold PBS twice and resuspended into 100 mmol/L 
of Tris-HCl (pH 9.4), 10 mmol/L of DTT and incubated for 15 
minutes at 30°C. Cells were washed and resuspended in lysis 
buffer (1% SDS, 10 mmol/L of EDTA, 50 mmol/L of Tris-HCl, 
pH 8.1, lx protease inhibitor cocktail (Roche) and sonicated 3 
times for 10 seconds each pulse at the maximum setting (Fisher 
Sonic Dismembrator, Model 300), followed by centrifugation for 
10 minutes. Immunoprecipitations were performed overnight at 
4°C with anti-c-Fos, anti-JunD, anti-p50 or anti-p65 (Santa cruz, 
USA). Precipitates were washed and heated at 65 °C to reverse 
cross-linking and DNA fragments purified using QIAquick Spin 
Kit (Qiagen) for subsequent PCR. The PCR primers specific to 
the AP-1 binding region of the human MMP-2 promoter were: 5'- 
ATCTCTGGGCCATTGTCA-3 ' (sense) and 5'-TGTGA- 
CAACGTCTCTCA-3' (antisense). 

Small interfering RNA preparation and transfection 

Chemically synthesized human TLR-9-specific siRNAs (sense 
CUGUCCUUCAAUUACCAAAtt; antisense GUAAUUGAAG- 



GACAGgt) and the control non-silencing siRNA (sense UUCUCC- 
GAACGUGUCACGUtt, antisense AC GUGAC AC GUUC GGA- 
GAA) were purchased from MWG (Ebersberg, Germany). For 
siRNA transfection, 3x10' HB cells/ well were plated in 6-well 
plates and transfected by using Amaxa Nucleofector (Amaxa, Koln, 
Germany) according to the manufacturer's protocol (Nucleofector 
Solution V, Nucleofector program G- 1 6) with 2 |xg siRNA per 1 0 
cells. After 48 hr of transfection, TLR-9 expression was tested by 
Western blot and further experiments were carried out. 

Statistical analysis 

Data were presented as means ± standard deviation from at least 
three independent experiments. Differences between experimental 
groups were assessed by non-parametric analysis using SPSS 
software, version 12 (SPSS, Chicago). Statistical significance was 
defined as P<0.05 for all tests. 

Results 

CpG-ODN promotes migration in HB cells 

We first examined the effect of CpG-ODN on the migratory 
and invasive ability of HB cells in vitro. Scratch wound migration 
assay shown 0.8 uM CpG-ODN effectively promoted the migra- 
tion of HB cells into the wounded area in 24 h, which was 
determined as movement of cells (in urn) into the wound (Fig. 1 A 
and C). The Transwell results showed that the number of cells 
that invaded the lower chamber was significantly increased 48 h 
after treatment by 0.8 uM CpG-ODN (Fig. IB and D). A 
similarly result was also achieved when CytoSelect 96-well Cell 
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Figure 3. Effect of CpG-ODN on NF- kB and AP-1 activity. (A) Effects of CpG-ODN on the expression of NF- kB subunit. HB cells were treated 
with 0.8 uM CpG-ODN at indicated time period (0—24 h) and the protein levels were determined using Western blot, p-actin was used as an internal 
control. (B) Changes in NF- kB subunit protein levels compared with the control as determined by densitometric scanning of the immunoreactive 
bands. (C) Effects of CpG-ODN on the expression of AP-1 subunit. (D) Changes in AP-1 subunit protein levels compared with control as determined 
by densitometric scanning of the immunoreactive bands. (*P<0.05; **P<0.01, compare with the control) (E) Electrophoretic mobility shift analysis 
(EMSA) analysis of AP-1 in HB cell lines before and after treatment with 0.8 uM CpG-ODN at indicated time period (0-24 h). (*P<0.05; **P<0.01, 
compared with the panel 1 ), (**P<0.01 , compared with the panel 5). (F) CpG-ODN treatment enhances the DNA-binding activity of AP-1 (c-Fos/Jun- 
D) to the promoter of MMP-2 in a time-dependent manner. 
doi:1 0.1 371 /journal.pone.0092748.g003 



Invasion Assay, which provides a robust system for the quantita- 
tive determination of cell invasion, was used to further certificate 
the stimulate-invasion effect of CpG-ODN(0.2~0.8 uM) on HB 
cells by a concentration-dependent manner(Fig. IE). 

CpG-ODN up-regulated the MMP-2 activity in HB cells 

Since MMP-2 and MMP-9 play a critical role in tumor cell 
invasion, we examined the effect of CpG-ODN on MMP-2 and 
MMP-9 expression by Western Blot. As shown in Fig 2A, CpG- 
ODN tremendously increased MMP-2 expression in a concentra- 
tion-dependent manner, whereas MMP-9 expression was not 
affected. To further elucidate the up-regulatory effects of CpG- 
ODN on MMP-2 and-9, ELISA analysis and Gelatin zymography 
test were performed to evaluate MMP-2 and-9 secretion and 
activity respectively. It was revealed that the treatment of 0.8 uM 
CpG-ODN for 24 h significantly increased the secretion level of 
MMP-2 as well as its in vitro activity compared with control, while 
no significant increase was shown in MMP-9 (Fig 2B and 2C). 

AP-1 activation is involved in CpG ODN-mediated MMP-2 
induction 

Since NF- kB and AP-1 are two of the well known 
transcriptional factors which regulate MMP-2 expression, we first 
employed the NF-kB and AP- 1 Westernblot assay. Results showed 
that treatment with CpG-ODN led to an elevated expression of c- 
Fos and Jun-D, indicating an increased AP-1 activity in CpG- 
ODN-treated HB cells (Figure 3C, D). However, no significant 
change was found in p50, p65, IkBoc or phosphor-lKBoc 



expression, which means that activation of TLR-9 signaling, did 
not significantly influence the NF-kB activity (Figure 3A, B). 
Next, we detected AP-1 activity by EMSA analysis. As shown in 
Figure 3E, almost 3 fold-increased AP-1 activities were observed 
24 h after 0.8 uM CpG ODN treatment. Further ChIP analysis 
also demonstrated that CpG-ODN treatment enhanced the DNA- 
binding activity of AP-l(c-Fos/Jun-D) to the promoter of MMP-2 
in a time dependent manner (Figure 3F). Finally, curcumin, an 
AP-1 inhibitor, was found to significantly block CpG-ODN- 
induced MMP-2 expression, indicating that AP-1 activation is 
required for the TLR-9 activated MMP-2 expression in HB cells 
(Figure 4B). 

TLR-9/AP-1 pathway is involved in MMP-2 mediated HB 
cells invasion 

To further confirm the role of TLR-9/ AP-1 pathway in MMP-2 
mediated HB cell invasion, both anti-TLR-9 protein and special 
siRNA against TLR-9 were used. Results showed that increased 
AP-1 activity in CpG-ODN treated HB cells was significandy 
decreased by utilization of anti-TLR-9 protein or specific siRNA 
against TLR-9 (Figure 3E, 4A, 4B). In addition, blockade of 
TLR-9 with RNA interference could significantly decreased CpG- 
ODN-stimulated MMP-2 expression as well as HB cell invasion, 
indicating that AP- 1 activation is required for the TLR-9 activated 
MMP-2 expression and subsequent cell invasion (Fig. 4C). 
Moreover, the increased MMP-2 expression and secretion by 
CpG-ODN and subsequent cell invasion were also significandy 
suppressed by treatment with curcumin (an AP-1 inhibitor), which 
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Figure 4. Role of MMP-2 in TLR-9/AP-1 mediated cancer cell invasion. (A) Expression of TLR-9 protein in HB cells before and after 48 hr of 
transfection. (3-actin was used as an internal control. (B) CpG-ODN treatment does not enhance AP-1 activity in HB cells transfected with special siRNA 
against TLR-9. (**P<0.01, NS: no significant) (C) The interferon effect of AP-1 inhibitor and/or TLR-9-RNAi on the CpG-ODN induced MMP-2 
expression/activity as well as subsequent cancer cell invasion. (**P<0.01, compared with the panel 1), (**P<0.01, compared with the panel 2). 
doi:10.1371/journal.pone.0092748.g004 



further confirmed that TLR-9/AP-1 pathway was involved in 
CpG-ODN induced MMP-2 expression in HB cells (Figure 4C). 

Discussion 

Metastasis is a multi-step process that requires cancer cells to 
detach from the main tumor, to migrate, invade and grow at the 
secondary site [22]. Clinically, more than 90% of mortalities in 
tumor patients are caused by metastases [23,24], Therefore, 
identification of key signal pathway involved in the processes is 
vital for understanding this process and devising new therapies. 

Growing evidence reveals that TLRs signaling regulate tumor 
invasion in variety of cancer cells, including breast cancer, prostate 
cancer and colorectal cancer [9—14]. Currently little is known 
about the effect of TLRs signaling in invasion and migration of 
oral cancer. In the present study, we examined our hypothesis that 
TLR-9 signaling may induce the invasiveness of oral cancer cells 
via up-regulating MMPs in HB cells. We showed that the 
invasiveness of oral cancer HB cells was strongly enhanced by 
incubated with the CpG-ODN, a special TLR-9 agonist, in a 
concentration (0.2~0.8 uM)-dependent manner. By contrast, 
direct incubation of TLR-9 silenced HB cells with CpG-ODN 
did not affect the invasive property. These findings are consistent 
with previous reports, in which activation of TLR-9 signaling in 
breast cancer and prostate cancer were both demonstrated to 
enhance tumor cell migration in vitro[10,12]. However, the 
underlying mechanisms, including the possible role matrix 
metalloproteinases (MMPs) plays in this process is unclear. To 



our knowledge, this is the first study that focuses on the molecular 
mechanisms of TLR-9-mediated cancer cell invasion. 

It is well known that tumor invasion and metastasis require 
increased expressions of MMPs. Among the MMPs, MMP-2 and 
MMP-9 have been thought to be key enzymes in this process, 
because they degrade type IV collagen, which is one of the 
important components of extracellular matrix [25]. Both MMP-2 
and MMP-9 have been demonstrated to play a central role in the 
process of invasion and metastasis of oral cancer. An immunohis- 
tochemical study of MMP-2 in 46 patients with OSCC found a 
high level of expression in 77% of patients with lymph node 
metastases, but only in 25% of patients without lymph node 
metastases [26] .Another two immunostaining researches of MMPs 
also revealed a strong expression of MMP-2 and MMP-9 in 
OSCC patients with lymph node metastasis [2 7,28]. Our present 
study demonstrates that TLR-9 activation slightly promotes 
MMP-9 activity in HB cells, whereas it strongly increases the 
expression of MMP-2 protein in a dose-dependent way. The 
elevated active MMP-2 enzyme in HB cells, which was clearly 
demonstrated by gelatin zymographic assay, was then released into 
the medium and, in turn, enhanced the invasiveness of HB cells. 
However, it cannot be excluded that HB cells may secrete some 
unknown factors that are involved in cell invasion. This is 
implicated by our results that pretreatment of HB cells with a high 
concentration of MMP-2 inhibitor ARP101 followed by incuba- 
tion with CpG-ODN (0.8 uM) markedly, but did not completely, 
inhibit HB cell invasiveness. 

We also have studied the possible mechanism underlying the 
enhancing effect of TLR-9 signaling on MMP-2 expression in HB 
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cells. Several lines of evidence have demonstrated that the MMP-2 
promoter contains binding sites for several transcription factors, 
including NF-kB and AP-1 [29,30]. As the most frequent involved 
inflammatory signal transduction pathway, both NF-kB and AP- 1 
was found to participate in the TLRs signaling pathway during 
cancer cell migration [31]. Therefore, the NF-kB and AP-1 signal 
transduction pathway may play an important role in the regulation 
of MMP-2 expression by TLR-9 activation. Previously it was 
reported that increased activity of NF-kB was associated with 
increased MMP-2 expression and in-vitro migration in human 
renal cancer cells [32]. However, our data showed that TLR-9 
activation by GpG-ODN promotes DNA-binding activity of AP-1 
but not that of NF-kB in HB cells. Utilization of anti-TLR-9 
antibody could reduce the CpG-ODN stimulated MMP-2 
expression as well as AP-1 DNA binding activity. Moreover, 
blockade of AP-1 activity with a special inhibitor significandy 
reduced CpG-ODN stimulated-TLR-9 mediated MMP-2 expres- 
sion and subsequent cell migration. These results are consistent 
with recent report in that special stimulators can up-regulate 
MMP-2 secretion level through the activation of AP-1 signal 
transduction pathway in human lung cancer [33]. Although the 
regulatory mechanisms involved in MMP-2 have not been fully 



elucidated yet, both AP- 1 and NF-kB were likely to play important 
roles depend on different cellular contexts [34,35]. 

In summary, the present study provides evidence that TLR-9 
signaling could directly promote cancer cell invasion via, at least in 
part, AP-1 activated MMP-2 secretion in HB cells. These 
interesting findings provide not only an important basis for a 
further exploration toward understanding the action mechanisms 
of TLR-9/ AP-1 /MMP-2 signaling-mediated cancer invasion, but 
also a promising target for the new therapeutic as well as 
preventive approaches of tumor metastasis in the future. 
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